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 Abstract -- The need for accurate voice source characterisation 
is an  established goal in speech processing research. Practical 
limitations prohibit the widescale use of a glottal source/vocal tract 
filter implementation for many speech processing applications. In 
coding applications, for example, the transduction of the speech 
signal is with non-specialist microphones under diverse and often 
adverse conditions. In addition the transmission path and decoding 
process introduces further phase distortion. In the case of synthesis 
the accurate recording of a phase sensitive database is not overly 
problematic, however the extraction of the flow waveform from 
such a database is still a non-trivial task and as yet no automatic 
inverse filtering technique is readily available. One possible solution 
for overcoming the problem of extracting the timing events of the 
glottal flow is to implement a frequency domain representation and 
parameterization of the glottal flow waveform. An analytical 
spectral formulation of an existing time domain glottal model is 
presented.    
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I INTRODUCTION  
An initial spectral representation of glottal flow was 
presented in [1]. A primary characteristic quoted from this 
work is that the glottal flow spectrum for modal voice 
register falls off at a rate of approximately –12dB/octave. 
A subsequent study [2] supports this general finding with 
an overall falloff of between –8 and –16 dB quoted. 
Further studies [3],[4],[5] have focussed on developing 
spectral properties that go beyond a description of the 
overall rate of decrease of the harmonic structure. In 
particular these studies relate specific events in time-
domain glottal waveform models to specific characteristics 
of the resulting spectrum. In addition, [4] describes an 
approach to frequency domain inverse filtering. The paper 
also mentions the practical benefits of frequency domain 
processing, namely that it lessens the strict phase 
requirements of time-domain inverse filtering. This point is 
also made in [6]. More recent work has provided a 
quantitative parameter [7] and analytical expressions [8] 
for the glottal flow in the frequency domain. The difficulty 
in extracting timing events in the glottal flow waveform is 
noted in [7] and frequency domain processing is promoted 
as an alternative. Analytical frequency domain expressions 
for LF [9] and KLGLOTT88 [10] glottal models are 
presented in [8]. The present study provides an analytical 
examination of a commonly used pulse formulated in [11].   
     
II   THE GLOTTAL PULSE MODEL 
AND ITS SPECTRUM  
The glottal pulse waveform adopted for analysis is the 
discrete-time glottal pulse model of Rosenberg [11] given 
by 
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where N1:N2 ~ 4:1 and the combined length of the open 
and closed phases of the glottal pulse is T=2(N1+N2)ts 
where ts is the sampling interval. A plot of this waveform 
is in Figure 1(a). Figure 1(b) shows a plot of a continuous-
time analog for the glottal pulse which may be created by 
letting n=t/ts and with T1=N1ts , T2=(N1+N2)ts.  
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Figure 1: (a)Discrete-time Rosenberg model. (b) 
Continuous-time analog of Rosenberg model. 
 
 
 
The Fourier Transform, G(f), of g(t) is given by 
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Fourier Transform is given by the Fourier Transform of the 
constant term minus the Fourier Transform of the cosine 
term, which is shown in Appendix A to be 
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shown in Appendix A that the Fourier Transform of this 
term is given by 
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where T =T2-T1. Note, that g1(t) and g2(t) are limited in 
time, with Fourier Transforms, G1(f) and G2(f) that are 
both present for all frequencies. The main components of 
the spectrum of a single glottal pulse are components at the 
two frequencies f1=
12
1
T
 and f2 =
T4
1
 but these 
components are blurred and spread in the frequency 
domain by the sinc function. In addition there is a sinc 
function component centred at DC due to the constant 
term. 
This theoretical spectrum for a single glottal pulse can be 
plotted approximately using Matlab (Maths. Works, 
Cambridge, Mass.) where its value has been calculated for 
frequencies between –5000 Hz and +5000 Hz at an 
increment of 1 Hz. The plot is then interpolated using the 
Matlab plot function. The plot in Figure 2 below was 
calculated for a single glottal pulse with T1 = 4 ms and T2 
= 5ms, hence the frequencies, f1 and f2 are 125 Hz and 250 
Hz respectively. As a result of the blurring by the sinc 
function, individual spectral peaks cannot be seen and the 
most significant feature of the spectrum is that it is low 
pass with most of the spectral content below 500 Hz (this 
is more obvious in a linear power plot). In fact we expect 
the overall spectral energy in the low frequency region to 
be a composite of DC and f1 and f2 peaks as shown.    
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Figure 2: Theoretical spectrum of a single glottal 
pulse.  
a) Glottal Pulse Train Spectra 
In order to generate a glottal pulse train, the glottal pulse is 
convolved with an impulse train of period T=Nts where 
N=2(N1+N2) resulting in the periodic repetition of the 
glottal pulse with that period. In the frequency domain, the 
continuous spectrum is ideally sampled according to the 
sampling theorem.  
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where  indicates convolution (not periodic convolution) 
and F=1/T.  
The effect on the spectrum can be visualized as 
shown in Figure 3, where the plot for the single 
glottal pulse has been multiplied by F and sampled at 
kF. 
Due to the frequency domain sampling imposed by 
the time domain convolution, impulses at multiples 
of F=100 Hz appear in the spectrum weighted by the 
value of the single glottal pulse spectrum at that 
point. 
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Figure 3: Theoretical spectrum of an infinite glottal 
glottal pulse train. 
The spectrum in Figure 3 is for a glottal pulse train of 
infinite duration. A more realistic glottal pulse train would 
consist of a finite number of periods and the truncation 
would produce effects in the frequency domain. In general, 
truncation to m periods of length T would be equivalent to 
multiplication by the gate function 
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which would mean convolution of the spectrum of the 
glottal pulse train with  
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The result would be a blurring of the spectrum as the 
sinc function is reproduced at each impulse location 
of the glottal pulse train spectrum. The theoretical 
spectrum has been predicted for the case of m=10 
and the result, plotted using Matlab, is shown in 
Figure 4(a). Using the discrete-time glottal pulse 
model in equation (1), a simulation of a glottal pulse 
train of 10 pulses has also been made and a 1024 
point FFT taken. As the sampling frequency of 10 
kHz is an integer multiple of the pulse train 
repetition frequency of 100 Hz, a window is not 
used. The result is shown in Figure 4(b) where it may 
be  compared with the predicted theoretical spectrum 
of Figure 4(a). To highlight the comparison with the 
discrete FFT plot in Figure 4(b), every  component 
of the theoretical spectrum in Figure 4(a) has been 
plotted using the stem function in Matlab.   
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                                                 (b)      
Figure 4: (a) Theoretical spectrum of truncated 
glottal pulse train; (b) FFT of truncated glottal pulse 
train.             
 
III DISCUSSION 
 
Understandably, frequency domain analyses have 
focused on correlations with their time domain 
counterparts. Essentially we have followed such an 
approach in the present paper. The results from the 
analytical expressions are verified through taking 
the Fourier transform of the glottal pulse(s). 
 
Following an analytical approach provides a 
frequency domain model which can be investigated 
with or without recourse to its time domain (open 
quotient, T1, T2 etc.) counterpart i.e. modeling in the 
frequency domain can be achieved through direct 
manipulation of f1 and f2 in the analytical 
expressions.  
 
IV CONCLUSIONS 
An analytical expression for the Rosenberg glottal 
pulse (1) is presented. Frequency domain modeling 
is attractive because it lessens the strict phase 
requirements of time domain inverse filtering. Future 
work will investigate time domain correlates of the 
current model and will focus on direct spectral 
source characterization in the absence of time-
domain pre-processing.   
V APPENDIX 
Fourier Transform of the Glottal Pulse Waveform 
To find the Fourier Transform of the first part of the glottal 
pulse waveform,                      
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where f1=
12
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T
. In forming the glottal pulse however, this 
term is also effectively multiplied by the shifted gate 
function, and the result is a convolution of the spectrum of 
the cosinusoid with the spectrum, H1(f), to give 
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The overall contribution to the spectrum from the 
first term of the glottal pulse waveform is thus given 
by the sum of A(1) and A(3).  
The second term of the glottal pulse waveform is 
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convolving the term in A(4) with H2(f) 
gives
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